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ABSTRACT 


characteristics of Speotrolab BSF, BSR, textured, 
10 ohm-om, 50 micron advanced OAST cells are presented in graphical 
and tabular format as a function of solar illumination intensity, 
temperature, and 1 heV electron fluence. 
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SECTION I 


INTRODUCTION 


A series of reports is being generated to present parametric 
characterization data on both state-of-the-art and developmental solar 
cells of interest to the photovoltaic community. These data consist of 
the electrical characteristics of the candidate solar cell under a wide 
range of temperature and illumination intensity combinations of the type 
encountered in typical space applications. This series (JPL Publication 
78 - 15 ) consists of a number of reports, identified by a volume number, 
each devoted to a particular type of solar cell. Previously published 
reports with their associated solar cell descriptions are listed in 
the bibliography of this document. Each report consists primarily of 
working graphs and tables and does not address itself to interpretive 
conclusions. The formatting of this series of reports is relatively 
invariant to facilitate comparisons between the characteristics of any 
of the cell types considered in the series. This report contains a set 
of parametric data on the Spectrolab advanced OAST 50 micron cells. 

These cells are experimental and not yet commercially available. 


SECTION II 
CELL DESCRIPTION 


The cells reported here are advanced development cells manufactured 
by Spectrolab for JPL under Contract No. 95^1600. They were fabricated 
from crucible-grown, P-type silicon, boron doped to a nominal resistivity 
of 10 ohm-cm. The cell dimensions are 2 x 2 x 0.005 cm (2 mils) thick. 
Cell blanks were both thinned and textured by appropriate NaOH treatments. 
Junctions 0.12 microns deep were produced by diffusing at 820°C for 
20 minutes with PH^. Front contacts were spaced at 10 grids/cm and 
were made of evaporated tantalum-palladium-silver. Back surface field 
formation was accomplished by screen printing and firing an aluminum 
paste. Excess aluminum paste was removed, then the rear contact system 
of aluminum-chromium-palladiura-silver was evaporated. The evaporated 
aluminum forms the back surface reflector. 


SECTION III 
TEST PROGRAM 


The solar cells were mounted on a copper test plate using RTV 560. 

The test plate was, in turn, mounted to a heat sink with provisions for both 
heating and cooling so that the cells could be maintained at the desired 
temperature independent of the solar intensity. All testing was carried 
out in a vacuum at a pressure of less than 1 x 10“° torr. 
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The illuroination source used was a Spectrolab Model X-25 Mark II 
Spectrosun filtered solar simulator. This simulator uses an optical 
integrator lens in the optical system which uniformly distributes a 
relatively collimated light beam at specific distances from a 2.50-kW 
short-arc xenon lamp, A system of filters modifies the spectral dis- 
tribution so that it approximates that of space sunlight. The light 
beam provides a pattern having a uniformity of j:15t over an area of 
225 cm2 at the test plane. Illumination intensity is varied by position 
of the simulator in combination with transmission filters. The solar 
simulator beam is introduced into the vacuum chamber through a window 
of 79*tO fused silica. The solar intensity and spectral integrity of 
the solar simulator are constantly monitored and maintained using space 
calibrated standard cells obtained with the NASA/JPL solar cell balloon 
flight standardization program. Photographs of the solar cell, the 
assembled plate, and the experimental characterization test facility 
are shown in Figures A-1 through A-4 in the Appendix. 

The temperature range covered in these measurements was -160 to 
'40°C, while the solar Intensity range covered was 5 to 250 mW/cm^. 

The data were taken at each environment point in the matrix in the 
form of an I-V curve. The appropriate parameters were then read from 
the I-V curves and punched on cards for the computer analysis and curve 
plotting functions. The cell temperature was monitored by a thermocouple 
attached to the surface of a separate cell mounted with the cells under 
test. Prior, intermediate, and post test ambient measurements were 
performed daily to ensure that the accuracy and stability of the test 
equipment and the test specimens them.selves were maintained within 
+2? during the course of the testing program. 

After making the solar cell measurements over the above temperature 
and intensity ranges, the test plate was mounted in the evacuated target 
chamber of the JPL Dynamitron electron accelerator and irradiated with 
electron fluenoes ranging from 5 x 10'*^ to 1 x 10^^ e/cm2. During the 
irradiation the cells were maintained at 28°C. I-V curves of the solar 
cells were measured in situ before and after each irradiation using an 
Aerospace Controls Model 302 filtered xenon AMO solar simulator. In 
addition, after the cumulative fluence reached 10^** e/cm2, the solar cells 
were annealed for approximately 16 hours at 60OC after each irradiation, 
then remeasured. The results of solar cell electrical characteristics, 
as a function of electron fluence, are shown in Figures 19 through 23. 
Annealed cell data is used in the plots. 
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SECTIOH IV 


DISCUSSION OF RESULTS 


A computer program computea statistical averages and standard de- 
viations with respect to the measui'ed cells for each intensity-temperature 
measurement condition. It then produces summary tables, as shown in 
Tables 1 to 7, that display averages and standard deviations of the cell 
characteristics in a two-dimensional array format, one dimension repre- 
senting cell temperature and the second diraonaior representing incoming 
light intensity (AhO spectrum). The program then produces plots of the 
various electrical parameters of Interest, with either Incident intensity 
or oell temperature as the independent variable, as shown in Fisrures 1 to 
1*1. Least square fits to the data points are then made automatically to 
the measured data points using a second-degree polynomial for most 
para'nioters. 

The curve factors, AliO efficiencies, Vqq and V„,p data points are 
not fit but are interconnected from point to point. In addition, the 
program calculates the temperature coefficients of the pertinent cell 
electrical parameters of interest, using the aforementioned curve fits, 
and plots these as a function of temperature, using intensity as a 
parameter, as shown in figures 15 through 18 , 

The figures are intended to be working artifacts; that is, they 
are formatted in such a way that they can supply information of a general 
nature or may be used to generate predictions, comparisons, computer 
input data, eto. To facilitate comparisons and inputting, all units 
are standardized as follows : 

(1) All currents are in units of mA/cm^. 

(2) All voltages are in units Df mV. 

(3) All power outputs are in units of mW/cm2. 

('!) All curve factors are in dimensionless units. 

(5) All efficlenoies are in percentages and are based on total 
oell area. 

(6) All temperatures are in °C. 

(7) All incoming intensities are in units of mW/cro^ and are 
representative of an AMO spectrum. 

(8) All geometric dimensions are in units of cm or pm (whichever 
is most convenient conceptually), 

The tables included in this report contain complete numerical 
information with respect to the average values of the following solar cell 
electrical parameters; 1,.^, V^q, Ij^p, Vp,p, P^axt Cf » and efficiency 
at each intensity-temperature combination. For each parameter, at each 
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Intonslty-temperature combination, the standard deviation is presented to 
provide estimates of statistical validity. All efficiency, current, and 
power output data are on the basis of unit area derived by dividing 
measured output by total cell area. 

The Spectrolab Advanced OAST thin cells were produced as a part of 
an overall JPL program to advance the state of the art in high specific 
power solar panels. The features incorporated in the experimental cells 
described in the report have not been implemented on •i thin cell produc- 
tion line as yet, but they have been incorporated in the production of 
thicker cells. Thin coll technology is advancing concurrently in the 
plants of several solar cell manufacturers and production of a thin 
solar cell similar to the type reported here is expected to occur in 
the near future. 
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ID mi/cm* 
A S.O 
B 25. 0 
C 50.0 
D 100.0 
E 155.3 
F 250. C 


SFECTROLAB BSF, BSR. TEXTURED 
N/P 10 OHM-CU 
2 X 2 X .005 CM 
CONTACTS TA-PD-AG ( FRONT I 
AL-CR-AG ( BACK 1 
TA205 AR COATING 
NO COVERSLIOE 
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Figure 2. Average as a Function of Temperature 
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MAXIMUM POWER CURRENT, mA/cm 



TEMPERATURE, °C 

SPECTROIAB BSF, BSR, TEXTURED 
N/P 10 OHM-CM 
2 % 2 X .005 CM 
CONTACTS TA-P0-A3 (FRONT) 
AL-CR'AG ( BACK I 
TA205 AR COATING 
NO COVERS!. IDE 

SAMPLE SIZE 8 TM-38 


ID mt/cat’ 
A 5.0 
B 25.0 
C 50.0 
D 100.0 
E 135.3 
F 250.0 


F 


E 


D 


Figure 3. Average as a Function of Temperature 
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MAXIMUM POWER VOLTAGE 



TEMPERATURE, °C 


SPECTROLAB 0SF, BSR, TEXTURED 
N/P 10 CHM-CM 
2 X 2 X .005 CM 
CONTACTS TA-PD-AG ( FRONT I 
AL-CR-AG ( BACK I 
TA205 AR COATING 
NO COVERSLIDE 

SAMPLE SIZE 8 TM-38 


Figure 4. Average V^p as a Function of Tempt nature 
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B 25.0 
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MAXIMUM POWER. mW/cm 



TEMPERATURE 


ID 
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135.5 
250.0 
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NO COVERSL IDE 
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Figure 5. Average ^ Function of Temperature 
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CURVE FACTOR 
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0 100.0 
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F 250.0 
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Figure 6. Average Curve Factor as a Function of Temperature 
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EFFICIENCY, PERCENT 



10 *W/eiti* 
A S.O 
B ?5.0 
C 50.0 
D 100.0 
E 135.3 
F 250.0 


SPECTROIAB BSF, BSR, TEXTURED 
N/P 10 OHM-CM 
2 X 2 X .005 CM 
CONTACTS TA-PD-AG ( FRONT I 
AL-CR-AG ( BACK 1 
TA205 AR COAT I NG 
NO COVERSL IDE 

sample size 8 TM-38 


Figure 7. Average AMO Efficiency as a Function of Temperature 
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SHORT CIRCUIT CURRENT, mA/cm 


rs4 



ID 'C ID *C 
A -100.0 I 60.0 

B -80.0 

C -60.0 

D -40.0 

E -?0.0 

F .0 

6 ? 0.0 

H 40.0 


SPECTHOLAB BSF, BSP, 7EXTUPED 
N/P 10 OHU-CU 
? X ? X .006 CM 
CONTACTS TA-PO-AG (FRONT) 
AL-CR-AG ( BACK 1 
TA205 AR COATING 
NO COVERSLIDE 

SAMPLE SIZE 8 TM-68 


Figure b. Average as a Function of Intensity 
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OPEN CIRCUIT VOLTAGE, mV 



SOLAR INTENSITY, mW/cm" 

*C SrECTROLAB BSF, BSR, TEXTJRED 

eO.O N/P 10 OHM-CM 

2 X 2 X .005 CM 
CONTACTS TA-PD-A6 ( FRONT I 
AL-CR-AG (BACK) 

TA20S AR COATING 
NO COVERSLIOE 

SAMPLE SIZE 8 TM-3 


ID *C ID 
A -100.0 I 

B -80.0 

C -60.0 

D -AO.O 

E -20.0 

F .0 

6 20.0 

H 40.0 


Figure 9. Average Vq- a? a Function of Intensity 


MAXIMUM POWER CURRENT, mA/cm 
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D -40.0 
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N/P 10 OHU-CW 
2 X 2 X .005 CM 
CONTACTS TA-PO-AG (FRONT) 
AL-CR-A6 ( BACK ) 

TA20S AR COATING 
NO COVERSLIDE 

SAMPLE SIZE 8 TM-38 


E igure 10. Average l^jp/cm^ as a Function of Intensity 


15 






MAXIMUM POWER VOLTAGE. mV 



MAXIMUM POWER, mW/cm 



ID *C 10 *C 
A -100.0 I 80.0 

B -80.0 

C -60.0 

0 -40.0 

E -20.0 

F .0 

6 20.0 

H 40.0 


SPECTROLAB BSF, BSR, TEXTURED 
N/P 10 OHM-CM 
2 X 2 X .005 CM 
CONTACTS TA-PD-A6 (FRONT) 
AL-CR-AS ( BACK ) 

TA20S AR COATING 
NO COVERSLIOE 

SAMPLE SIZE 8 TM-38 


Figure 12. Average ® Function of Intensity 
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B -60.0 
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0 20.0 
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TA20S AR COAT INC 
NO COVERSLIDE 

SAMPLE SI2E 6 TM-3B 


Figur.' 13 . Average Curve Factor as a Function of Intensity 
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SOLAR INTENSITY, mW/cm‘ 


10 *C 10 
A -100.0 I 

B -80.0 

C -60.0 

0 -40.0 

E -20.0 

r .0 

6 20.0 

H 40.0 


SPECTROLAB BSE, BSR, TEXTURED 
N/P 10 OHM-CU 
2 X 2 X .005 CM 
CONTACTS TA-PO-AS (FRONT I 
AL-CR-A6 ( BACK I 
TA205 AR COAT INC 
NO COVERSLIOE 

sample size a tm-ss 


Figure Average ASO Efficiency as a Function of Intensity 
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TEMPERATURE COEFFICIENT, mA/c«^/“C 



ID »*/cp* 
A S.O 
B ;;.o 
c so.o 

D 100.0 
E 115.3 
F 250.0 


SPECTROIAB BSF, BSR, TEXTURED 
N/P 10 OHU-CM 
2 X 2 X .005 CM 
CONTACTS TA-PD-A6 (FRONT) 
AL-CR-A6 ( BACK I 
TA20S AR C0ATIN6 
NO COVERSLIDE 

SAMPLE SI2E S TM 38 


Fipure 15. l,,g Temperature Coefticient 
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TEMPERATURE COEFFICIENT. mV/T 



ID (nW/e»* 
A S.O 
B 25.0 
C 50.0 
9 100.0 
E 135.3 
F 250.0 


SPECTROLAB BSF, BSR, TEXTURED 
N/P 10 OHM-CM 
2 X 2 X .005 CM 
CONTACTS TA-PD-A6 i FRONT! 

AL-CR'AG ( BACK I 
TA205 AR COATING 
NO COVERSLIOE 

sample size 8 TU-38 


Figure 16. Temperature Coefficient 
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TEMPERATURE COEFFICIENT, mW/cmV"C 



10 fiW/c*' 
A J.O 
B ?5.0 
C 50.0 
0 100.0 
E 135. 3 
F 250.0 


SPECTROLAB BSF, BSR, TEXTUREO 
N/P 10 OHU-CU 
2 X 2 X .005 CM 
CONTACTS TA-PO'AG ( FRONT I 
AL-CR-AS ( BACK I 
TA205 AR C0ATIN6 
NO COVERSLIOE 

sample size B TM-38 


Figure 17. Absolute Temperature Coefficient 
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TEMPERATURE COEFFICIENT, 7./"C 



ID inW/cm' 
A S.O 
B 25.0 
C 50.0 
D 100.0 
E 135.3 
F 250.0 


SPECTROLAB BSF, BSR, TEXTURED 
N/P 10 OHM-CM 
2 X 2 X .005 CM 
CONTACTS TA-PD-A6 (FRONT) 
AL-CR-AS ( BACK ) 

TA205 AR COATING 
NO COVERSLIDE 

SAMPLE SIZE 8 TM-38 


Figure 18. Percent Temperature Coefficient 
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Figure 20. Open Circuit Voltage vs 1 ^'eV Electron Fluence 
at 135.3 reW/ca^ AMO Illumination, 28°C 
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Figure 22. Voltage at Maximum Power vs 1 MeV Electron Fluence 
at 135.3 mk/cm^ AhO Illumination, 28°C 














'lable 1. Averjge Short-Circuit Current, mA/cm^ 


•^eC^aOLAA HSWt TIlTuNtb 

N/» to OMMaC** 

? I 2 X .00^ 

contacts T*«P0««C (FRONT) 
AL«CR*«6 (SACK) 

TA2P5 AR C04TIN0 

NO covCRSiine 

84NPLI Size S TN.JM 


CEIL temp. 


SOLAN 

InTEnSITt 

(••/C6**2) 


(OEO. C) 

9.00 

29.00 

90.00 

100.00 

199.90 

290.00 

• 1 PO ,00 

1 .60 

6,96 

19, S6 

• 

• 

• 


• ,09) 

(.26) 

(.60) 




aUC.OO 

1 .<*2 

6.96 

16.09 

• 

• 

• 


(.09) 

(.2u) 

(.69) 




•120.00 

1 .66 

7.06 

16.29 

• 

• 

m 


( .06) 

( .21 ) 

(.9S) 




•100,00 

1 .66 

7. IS 

16,66 

2S.91 

• 

9 


( .06) 

(.IS) 

(.99) 

(.70) 



• Mfl ,00 

1 ,6fi 

7.2R 

16,70 

29.22 

99,66 

• 


( .06) 

(.IS) 

(.99) 

( .71 ) 

(.R2) 


•60,00 

1 .69 

7.92 

16,76 

29.99 

99,69 

79,07 


( .09) 

(.IS) 

(.92) 

( .6S) 

(.09) 

(1.77) 

•«o,oo 

1.90 

7.9S 

16, SS 

26.76 

60.21 

79,62 


( .06) 

(.IS) 

(.92) 

( .72) 

( .00) 

( 1.70) 

•20,00 

1 .92 

7.69 

19.01 

90.09 

60.60 

76,29 


( .09) 

(.IS) 

(.19) 

(.70) 

( .0(1) 

( 1 ,7S) 

.00 

1 .99 

7,90 

19.12 

90.22 

60.71 

76.66 


( .09) 

(.IS) 

(.99) 

(.72) 

( .02) 

(1,79) 

20.00 

1 .96 

7,97 

19.22 

90.67 

6) . 1 S 

7o,SO 


( .06) 

(.17) 

(.92) 

(.72) 

(1.00) 

(1.06) 

ttO.OO 

t .96 

7.69 

19.96 

90.6) 

61.67 

77,67 


r .09) 

(.17) 

(.96) 

( .77) 

( .02) 

(2,(2) 

60,00 

1 .99 

7,66 

19.66 

90. 9M 

61,67 

76.29 


( .09) 

(.17) 

(.19) 

(.79) 

( .Of.) 

(2. IS) 

so, 00 

9 

• 

• 

91 .26 

62.26 

76,77 





( .79) 

(.09) 

(2.21 ) 

100,00 

m 

• 

• 

91.66 

62,90 

79,09 





( .79) 

( .09) 

(2,60) 

120.00 

• 

m 

• 

91 .6S 

62.70 

70, SS 





( .71) 

( .06) 

(2,62) 

160,00 

• 

• 

• 

91 .92 

6 9.09 

60,26 





( .69) 

( .07) 

(2,06) 
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Table 2. Average Open-Circuit Voltage, mV 


S*tC1«0L*>i 48Ai TE«Tuwti) 

N/H 10 liH-.c** 
i I 2 » ,00S C»^ 
contacts TA.Sr.AG (►‘•ONT) 
AL»C('«*r. (SACK) 

TA2i i AU COSTING 
NO COV8U8UIOE 




sample 

SHE 4 


T6«36 


CELL TftP, 


SOLAR 

toTENSITV 

( 6M/C4462) 


(OtG, C) 

S,00 

25,00 

50.00 

100,00 

135,50 

250,00 

• t eO • n A 

N2S,1l 

0M6,5(' 

055.00 

• 

• 



(P,OT) 

(3.02) 

(2.30) 




• 1 ttO , 00 

SOS, IS 

90S,2(> 

018.24 

• 

9 

• 


(6,60) 

(4.03) 

(3,24) 




•120.00 

6M2.T0 

060,06 

4A0.4) 

• 

• 

■ 


(6.13) 

(3,0) ) 

( 3.20) 




•100,00 

TOO, 55 

426.47 

441,0) 

854,17 

• 

• 


(S.OO) 

(3.40) 

(3.17) 

(2.23) 



•rto.nc 

TS3.TT 

744.00 

602,17 

415.46 

422.40 

■ 


(M.6U) 

(3.40) 

(3.22) 

(2.60) 

(2.61 ) 


•ftO.OO 

707,07 

744,71 

750,47 

775,40 

762,47 

705.60 


(S.10) 

(5.03) 

( 3.61 ) 

( 3.41 ) 

(3.13) 

(3.77) 

• uO , 00 

Ase.ss 

700,56 

717,57 

735.74 

7m2,?6 

754,24 


(S.50) 

(4.50) 

(4,31 ) 

(4.23) 

(3.67) 

(4,62) 

•20,00 

600,1 5 

655.04 

674,70 

692.1 1 

700,54 

713.44 


(5,09) 

(5,16) 

(4,66) 

(4,75) 

(4.25) 

(5.04) 

, uO 

550,54 

600,17 

620,76 

640,1 5 

654,66 

672.21 


(6.01) 

(5,40) 

(5.31) 

(5.05) 

(4.53) 

(5.55) 

20, on 

S0«,6M 

563.52 

545.11 

606,41 

615.42 

630,66 


(7,31) 

(5,07) 

(5.67) 

(5.44) 

(4.02) 

(5,76) 

(• 0 . 0 0 

M5S.15 

516,42 

530,00 

561.50 

572.44 

588.50 


(7,70) 

(6.56) 

(5.06) 

(5.72) 

(5.14) 

(6,00) 

60,00 

M07. 77 

460,06 

MOM ,27 

517.04 

524.31 

546.22 


(S.25) 

(6,46) 

( 6,m5) 

(6.11) 

(5.26) 

(6,20) 

so. 00 

• 

9 

• 

472.60 

484,10 

502.46 





(6.51 ) 

(5,64) 

(6.74) 

100,00 

9 

• 

* 

427.22 

436.20 

458.76 





(6.52) 

(6.11) 

(6.82) 

120,00 

9 

• 

• 

340,52 

103.22 

414,20 




(7.20) 

(6.04) 

(7.00) 

1 MO, 00 

• 

• 

• 

535.10 

147.27 

360,60 





(7,42) 

(7.52) 

(7.07) 
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Table 3. Average Maximuw Power Current, mA/cm‘ 


■atCTROlta MSA» HSMt TAITURtO 
N/p io 

I 2 I .009 C*i 
CONtACTS Ta«PD«aC (^NOnT) 
AL>CU«*0 (StC«) 

TA}'!S AH coating 
wn COVEHSLinj 
SANPtC SlZt A 


CtLL TEHP, 


sot AH 

intensity 

(Ma/C**092) 


(0E6. C) 

9.00 

29.00 

90,00 

lou.oo 

119.10 

290,00 

•laPtOO 

1 . 2 a 

a.oi 

11.19 

• 

• 

• 


(.00) 

(.11) 

(.91) 




•IHO.OO 

1 .90 

a.9H 

11.99 

• 

• 

• 


( .oa) 

(.20) 

( .00) 




•120,00 

I.Sh 

a,T7 

11. T9 

• 

• 

• 


( .09) 

(.21) 

(.12) 




•100.00 

l.!T 

a . 00 

10.09 

2T.90 

• 

• 


(.09) 

(.10) 

(.29) 

(.T9) 



•eo , 00 

l.JT 

a,9T 

10.10 

20.07 

10.02 

• 


(.09) 

(.10) 

(.1) ) 

(.n) 

( .87) 


•aO • 00 

1 .10 

a,9T 

10,19 

20.21 

10.12 

71.01 


( .09) 

(.19) 

(.10) 

(.67) 

(.89) 

(2.01) 

•aO.OO 

1 .10 

a.HH 

10.19 

20.20 

10.18 

71.09 


( .OU) 

( .10) 

(.10) 

( .70) 

( .90) 

(2.17) 

•20.00 

1 .10 

a , Ho 

10.10 

20.11 

37,88 

71.00 


( .00) 

(.19) 

( .2a) 

(.79) 

( .99) 

(2.10) 

o 

o 

• 

1 .10 

a, 97 

10,00 

20.10 

18, na 

70.11 


( .00) 

( .)0) 

( .12) 

( .00) 

( .09) 

(1.00) 

?o,oo 

1 .5T 

a.9u 

10.02 

20.12 

17.75 

a9,78 


( .00) 

(.11) 

(.10) 

(.^7) 

( .8") 

(2.90) 

<10.00 

1.19 

a. 09 

10.01 

20.10 

17.85 

89,98 


( .00) 

(.12) 

( .29) 

(.77) 

(.88) 

(1.12) 

ao.oo 

1.12 

0.09 

11.05 

27.01 

17.99 

89,10 


(.01) 

( . 10) 

(.19) 

(1.0a) 

(.87) 

(1.21) 

aO.flO 

• 

• 

• 

27.72 

37,99 

as. 78 





(1.07) 

(1.32) 

(2.98) 

1 OO.PO 

• 

• 

• 

2a. 07 

17.12 

88 . 1 a 





( 1 .ao) 

(1.08) 

(1,00) 

120.00 

• 

9 

• 

27.02 

la.o3 

aa.22 





:i.09) 

( l.Oo) 

(l.oai 

1 UO.OO 

• 

9 

• 

^ ti f 6 3 

19.93 

ao,97 






(1.21) 

(1.12) 
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Table U. Average Kaxlmum Power Voltage, nV 




88fCT»0L«H HS8, 

riSh. TCITUHCO 




<«/• 10 







2 1 2 

i .048 C** 






cnsTtCTS 

*G (*w0nT) 





*U^C4^ 

*G (8tC4) 





7*208 

»M C0*T16G 





wn COxfwSLIOE 






S*8PlE 

SUt 0 


T-^18 


CtUL TImP, 


sot.*» 

I'«T7ssn7 (8,/C*‘»*2) 


(OEG. C) 

o 

o 

• 

28.00 

80,00 

ion , 00 

118,10 

280,00 

• 1 60 (00 

800(12 

064,62 

840,00 

• 

• 

• 


(62.8') 

(14,89) 

(18,11) 




• uo.oo 

784,12 

888,00 

888.84 

• 

• 

• 


(86.10) 

(12,72) 

(6,09) 




•120(00 

7S2.I2 

800,78 

812,80 

• 

• 

• 


(28.10) 

(4,81) 

(8.61) 




•100(00 

698,12 

784,12 

7 6 6,87 

776,17 

• 

• 


(28.84) 

(1,60) 

(8.77) 

(6,44) 



•H0(00 

662.80 

710,80 

722.62 

714.62 

726,67 

• 


(12.88) 

(»,8H 

(1.78) 

(8,60) 

(7.81) 


•60(00 

618,62 

684,80 

674, ) 2 

690,17 

682,17 

690,12 


(8.81) 

(1,78) 

(8,10) 

(6,8i) 

(8.71 ) 

(14,20) 

•«0(00 

868,17 

611,28 

629.62 

642.80 

640,67 

647,78 


(ll.lt) 

(7,21) 

(7,27) 

(7.21) 

(5.16) 

(11.07) 

o 

o 

• 

o 

• 

817,87 

866,28 

880.75 

894,17 

889,78 

602.28 


(8,16) 

(8,78) 

(8.61) 

(8.17) 

( 18.29) 

(12.17) 

(00 

468,17 

816,62 

810,80 

881.80 

849,67 

889.28 


(8,80) 

(6,17) 

(l.t2) 

(8.40) 

(8,81) 

(9.79) 

o 

o 

• 

o 

4)6,80 

469,17 

490.78 

806,17 

807,78 

816.87 


(10.70) 

(7,07) 

(7.40) 

(8.11) 

(10,77) 

(10.21) 

40,00 

167,28 

428,00 

444,00 

461,17 

462.80 

471.28 


( 1 1 .87) 

(4,77) 

(6.99) 

(7.27) 

(8.91) 

(10,67) 

60,00 

121.78 

174,12 

199,17 

417,28 

419.12 

410.28 


(8.88) 

( 1 1.62) 

(8.48) 

(7,80) 

(9,64) 

(8,18) 

80,00 

• 

• 

9 

171,62 

178.62 

186,00 





(7.28) 

(8.26) 

(10,94) 

100,00 

• 

m 

9 

134.17 

116,67 

180.12 





(16,81) 

(7,12) 

(21 ,67) 

120,00 

• 

m 

• 

2*2. 78 

291,78 

101,28 





(7,98) 

(8,61 ) 

(9,68) 

ltt0,00 

• 

• 

• 

237.12 

281 .12 

260,78 





(6.40) 

(6,62) 

(10,19) 
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Table Average Maximum Power, mW/cn^ 


• eiCTBULAft bSNf TCiTuHfO 

M/p IP Ow»>*Cp 

I t I * .009 

C0MT4CTA T«*P0*«C (PHOMT) 
«t*CP«*6 (04CP) 

Ti}>)9 *H cOPTImc 
MO COvIPtllOf 

94-Pl.l MZI 0 Tw.ia 


CUL 


0&L4B 

iMtlMItv 

(M«/cwaa2) 

1 

(Otc. C) 

9,00 

29.00 

90. vO 

1 OU.OO 

119.10 

290.00 

• 1 aO • 00 

1.01 

9.99 

11.70 

■ 

• 

1 

• 1 


(.11) 

( .44) 

( ,90) 



1 

•I4P.00 

1,02 

9.92 

1 1 .99 

• 

• 

• 1 


(.OP) 

(.20) 

( .IP) 




•izo.oo 

1 .01 

9.42 

1 1 .21 

• 

• 

• 


(,PT) 

(.IP) 

( .11 ) 




•1 AO.OO 

.P9 

9.20 

10. 77 

21.71 

• 

■ 


( .oa) 

( .19) 

(.20) 

( ,70) 



• MO 9 00 

,«l 

4, Pa 

10.29 

20. ai 

27.44 

• 


( .09) 

(.11) 

( .24) 

( ,44) 

( .80) 

1 

•eO.OO 

.09 

4,ao 

P.9P 

19.48 

24.19 

49.02 


( .OP) 

(.12) 

(.21) 

( ,98) 

( .49) 

(2.04) 

•uO.PA 

.TP 

4.29 

2.91 

18.17 

24.40 

46.04 


( .Om) 

(.12) 

(.22) 

( .62) 

( .44) 

(1.86) 1 

•zo.oo 

.72 

1.P4 

0.21 

lo.ea 

22.19 

42,77 ' 


(.01) 

(.11) 

( .21 ) 

( .94) 

(1.41) 

(1.91) 

,00 

.04 

l.ao 

7. 99 

19.9a 

20.91 

19.14 


(.01) 

( . 10) 

( .2) ) 

( ,9a) 

( .98) 

(2.11) 1 

zo.oo 

.97 

1.2a 

a. MO 

14.10 

19,17 

16.08 


(.02) 

(.09) 

(.19) 

( .90) 

(.72) 

(2,01) 1 

uo.oo 

.90 

2.91 

4.21 

12.99 

17. «2 

12.94 


(.02) 

(.11) 

( .10) 

( .90) 

( .47) 

(2.01) 

aO • 00 

.01 

2.9M 

9.91 

1 1.42 

19,74 

29.89 


( .02) 

( .09) 

( .22) 

(.98) 

(.41) 

(1.79) 

ao • uO 

• 

• 

m 

10. K* 

14.22 

26,97 1 





(.99) 

(.70) 

(1.44) ' 

100,00 

• 

• 

m 

8.98 

12.91 

21.98 j 





( .67) 

1.97) 

(2.22) 1 

120,00 

• 

• 

9 

7.49 

10,71 

20.10 





(.47) 

(.97) 

(1,48) 

tub. 00 

• 

• 

• 

4.12 

8. VI 

14.94 





( .44) 

( .90) 

(1.19) 1 
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Tauie 6. Average Curve Factor 


cut temp. 


S»ICT90L*6 HIP. 6SR. TtPTUMfO 

N/P 10 Oh-^CH 
2 1 2 1 .009 CH 
C0»mT 4CT9 T*.Pp^*6 (PpOsT) 
*t-C6»AC (9iCK) 

T*2U9 *9 COiTlsc 
NO Cnv£»8LlO§ 

SPhplE 9I2t 6 Th.)h 

90L*6 InTI^SITV (6a/CHPP2) 

1 

(0C6. C) 

9.00 

29.0') 

90.00 

100,00 

139.30 

290,00 

• t 60 • 00 

.T606 

( .osso) 

,6969 
( .0616) 

.6667 

( .0171) 

• 

• 

• 

• uo.oo 

.0161 
( .0610) 

.6719 
( .0366) 

.09M 

(.0166) 

• 

• 

• 

• 120.00 

.6117 
( .0961 ) 

.6609 
( .0160) 

.6926 

(.0109) 

• 

• 

• 

• 100.00 

.6166 

(.0927) 

.67a7 
( .0166) 

.6636 

(.0107) 

.6600 

(.0197) 

• 

• 

•60.00 

.0172 
( .0611) 

.6630 
( .0163) 

,6669 
( .0061) 

.6696 

(.0177) 

.6919 
( ,0099) 

• 

•60.00 

.6092 

.6610 

.6910 

.6909 

,6176 

,6210 

o 

o 

• 

o 

• 

( .0366) 

(.0119) 

( . 0066 ) 

(.0170) 

( ,0090) 

( .0119) 

.7926 

.6266 

.616} 

.6322 

,6236 

,6096 

•20.00 

( .0116) 

( .0121) 

( .0076) 

( .01 6U) 

( .0089) 

(.0299) 

. .7797 

.6060 

.6130 

.6111 

,7698 

, 7663 

.00 

( .0296) 

( .0092) 

( .0067) 

( .0197) 

( .0922) 

(.0306) 

, 7u60 

. 7661 

.796U 

. 7929 

, 7806 

. 7693 

20.00 

( .0232) 

( .0103) 

( . 007?) 

(.0170) 

(.0090) 

(.0319) 

.7206 

. 766 1 

.77?« 

.7716 

,7999 

. 7616 

60.00 

( .0210) 

( .0106} 

( .0106) 

( .0160) 

( .0200) 

(.0301 ) 

. 7037 

,7M<» 

. 7909 

. 7907 

,7319 

.7221 

60.00 

(.0221) 

(.0110) 

( .0126} 

(.0176) 

( .0200) 

( ,0109) 

.6769 

.7166 

.7210 

.7239 

.7117 

.6960 

60.00 

(.0196) 

(.0121) 

( .019u) 

( .0267) 

( .0209) 

(.0261) , 

• 

• 

m 

.6977 
( .0296) 

.8992 
( .0268) 

.6709 

(,0266) 

100.00 

• 

• 

m 

.6666 
( .0665) 

,8700 
( .0202) 

.6979 

(.0613) 

120.00 

9 

• 

• 

.0316 
( .0219) 

.6160 
( .0206) 

.8092 

(.0276) 1 

160.00 

• 

m 

• 

.9916 
( ,0199) 

,9984 
( .0181 ) 

.9711 1 

(.0262) 1 
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Table 7. Average AMO Efficiency, Percent 


SPfCTuoLta ttiHi TiKTuaEb 

N/P lb Ohm.cm 
2 I 2 I .00% CM 
contacts T*«a0«*6 (raONT) 
At«CH«*0 («*CO 
TA2CS AP CUATINC 
NO COVEbStlPl 

SAMPLf si7t Tm.jm 


CELL T|mP, 


SUL A9 

TnTEkSITv 

(mm/Cmp«2) 


(OE&. C) 

s.oo 

25.00 

50,00 

100.00 

1 35.30 

250.00 

•160.00 

20.1% 

22.19 

23.91 

• 

• 

• 


(2.56) 

(1.79) 

(1.(7) 




• 1 ao.oo 

20. U6 

22.09 

23.19 

• 

• 

• 


( I ,T%) 

(1.11) 

(.7*) 




•120,00 

20.19 

21.69 

22.9) 

• 

• 

• 


(1 .)9) 

(.77) 

(.62) 




•100.00 

19. OS 

20. A1 

21.55 

21.73 

• 

• 


(1.1%) 

( .61 ) 

(.56) 

(.70) 



•ao.oo 

l«*.l A 

19, S3 

20.99 

20.63 

20,97 

• 


(.99) 

( .59) 

( ,9S) 

( .69) 

( .59) 


•60.00 

16.96 

IS.ia 

19.11 

1 9.9B 

19,11 

19.61 


(.02) 

( ,97) 

(.92) 

(.50) 

( .51 ) 

(.02) 

•aO.CO 

IS, 72 

17.10 

17. A2 

IS. 17 

10. IS 

10.92 


(.71) 

( .96) 

( .95) 

( .62) 

( .97) 

(.79) 

•20,00 

19.1% 

15.7/ 

16,9V 

1 6,06 

16.52 

17,11 


( .66) 

( .95) 

f .9J ) 

( .56) 

(1.21 ) 

(.77) 

,00 

12. A) 

19,91 

15.17 

15.56 

15.97 

15,71 


(.%!) 

( .91) 

( .91 ) 

( .56) 

(.93) 

( .09) 

20,00 

11.92 

11,01 

11.76 

19.30 

19.17 

19.93 


( .96) 

{ .19 ) 

(.19) 

(.50) 

(.53) 

( .01 ) 

<iU,00 

9.95 

11.71 

12.96 

12.99 

12,07 

13, lA 
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Figure A-1. Solar Cell 
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